VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the Specification 

Please replace the paragraphs on pages 2-11 starting at the Summary of the 
Invention paragraph with the following paragraphs. 

SUMMARY OF THE INVENTON 

The above outlined known approach of reducing the power output in case of 
high wind velocities makes it possible -e.g. in a variable-speed pitch plant with a 
control algorithm for controlling the rotor speed on the basis of the pitch angle 
averaged over time to obtain very high ratios between the rotor diameter and the 
generator performance without an accompanying increase of component fatigue as 
compared to conventionally designed turbines. A rating of 330 to 280 W/m2 can be 
obtained and is economically reasonable especially at inland locations. 

For reasons of safety, the design of the towers of wind power plants is on 
principle determined on the basis of very unfavorable assumptions (e.g. high wind 
turbulences and maximum wind distribution in the designed wind zone); therefore, 
in the majority of locations, considerable safety margins of the power output are left 
unused in the turbines. Thus, the problem exists how these normally existing safety 
margins can be utilized for improving the efficiency of the turbine. 

According to an embodiment of t he instant-invention, this problem is solved 
object is fulfilled b y performing, by means of an already existing or additionally 
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installed sensor arrangement with connected signal processing system in the wind 
power plant, a direct or indirect quantification of the current turbine stresses. By 
comparison with allowable stresses (or correlating values) detected by computation 
or empirically, the turbine will always b e operated with a rotor speed and a power 
yield which are optimized under the economical aspect. 

Other than in the normally used state of the art wherein the operational 
control process is provided to control the blade angle and/or the rotational speed 
according to fixed functions in dependence on power, blade angle or wind velocity, 
this novel control process is to be performed only to the extent required due to the 
local conditions or meteorological conditions at the respective point of time to thus 
obtain optimum efficiency. 

A simple algorithm suited for the above purpose is based on the statistical 
evaluation of one, a plurality or all of the measurement values (e.g. rotor speed, 
generator performance, pitch angle, pitch rate, wind velocity and wind direction) 
mentioned among those operating data which are anyway continuously detected in 
many present day wind power plants (e.g. variable-speed pitch plants), 
in the present context, the term "statistical evaluation" is meant to include at least the 
continuous detection of the minimum, maximum and average values and the 
standard deviation for a plurality of sliding time intervals 6.t (30 s to 60 min.). 
More-complex statistical evaluations of the operating data or the derivations thereof 
will result in a more successful control. Since wind is a stochastically distributed 
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value, a reasonable detection and arithmetical representation of the measurement 
values can be performed only by means of distribution and probability functions or 
spectra. On the basis of measurements or simulation computations, the correlation 
coefficients of the statistical data relative to the local and meteorological conditions 
and the current stresses on the components can be determined with sufficient 
accuracy. For instance, the average pitch angle and the average rotor speed for a 
given turbine configuration are in direct relation to the average wind velocity; the 
standard deviation of the two former values allows for a conclusion on the 
turbulence intensity (gustiness) of the wind. Thus, besides the directly measured 
operating data, also important stress data (e.g. the blade bending moment and the 
thrust acting on the tower) can be statistically evaluated. These actual distributions 
of the stresses or of the values directly related thereto are compared to desired 
distribution functions which have been obtained by computation or empirically. 
These desired .functions can be detected for each location as suited for the specific 
application and be stored in a data memory of the control system. 

An example of an pref e rred embodiment of the control system using the 
inventive control strategy will be explained in greater detail hereunder in connection 
with the accompanying drawing. 



BRIEF DESCRIPTION OF THE DRAWING 
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The sole drawing is a block diagram of the control system using the control 
strategy according to an embodiment of t he instant invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

In the block diagram, angular boxes are meant to represent signal processing 
systems or computing modules of a larger software package installed in a signal 
processing system. Laterally rounded boxes represent input data for the control 
system, irrespective of whether these data are measured on the turbine or supplied 
from an external source. Boxes curved on top and bottom represent data stores 
containing all data which are required for the execution of the control algorithm and 
are made available through the internal data detection or analysis, or are supplied 
from external data sources. Elements represented in solid lines are absolutely 
required for the control system; elements represented in dotted lines are optional 
components which improve the function of the control system and thus allow for a 
higher energy yield even though they will cause an increasing complexity of the 
control concept. 

Schematically shown to the left of the vertical dash-dotted line in the left: 
half of the drawing is a schematic representation of the control systems used 
according to the state of the art. The input values 102 are the operating values 
provided to be permanently detected by the measurement sensors, such as the rotor 
and generator speeds n R and n G , respectively, the electrical power P e i, the generator 
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torque M G , the blade or pitch angle O and the pitch rate and the wind velocity v w 
and the wind direction Vdi r . On the basis of these measurement values, the turbine is 
controlled according to an algorithm implemented in the main computer 104 for 
operating the plant (standard control) 104 . The regulated quantities are the pitch 
angle 0 105 and/or the generator moment M G soii 106 (e.g. also by selection of the 
generator stage in asynchronous turbines with switchable polarity). The control loop 
wherein, by means of the actuators, the desired values are turned into actual values 
which then will be detected as operational values to be used as control input values 
as schematically indicated, has been omitted from the block diagram for better 
survey. 

According to the state of the art, additional measurement values (e.g. 
temperatures, hydraulic pressures, tower head accelerations, oil level and wear 
indications) allow for the detection of certain conditions of the plant and, if required, 
will result in shut-down of the turbine. 

In the inventiv e control system, the operating data are subjected to a 
statistical data pick-up 108 and are stored as spectra or distributions in a data store. 
Optionally, in the so-called loading model 110 , the statistical operating data are 
converted 112 i nto statistical stress data by means of the correlation functions 
obtained in the simulation computations. 
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More-complex algorithms are based on additional measurement values which 
are more closely related to the stresses, and such algorithms allow for a distinctly 
more precise detection of the existing distribution of stresses and thus for a closer 
approach to the limiting values dictated by the respective design, thus obviating the 
need for the safety margins necessitated in simple algorithms. 

The sensors on the turbine can be provided, Inter alia, as acceleration sensors 
on the tower head and the rotor blades, and/or wire strain gauges on representative 
points of the support structure (e.g. on the blade roots, rotor shaft, base of the tower). 

By inclusion of additional wind-field dat a 1 14 which in the ideal case 
characterize the undisturbed onflow before the rotor, the control behavior can be 
considerably improved. Generally, for this purpose, use can be made of laser-optical 
and/or acoustic (ultrasonic) measuring methods which are suited both for 
measurements on individual points in the wind field and for measurements of 
complete wind profiles or wind fields in the rotor plane or also far before the rotor 
plane. A further improvement of the control behavior is accomplished by linking the 
control systems of the different turbines 116 of a wind park to each other; the 
considerably enlarged data base obtained in this manner will safeguard a faster but 
still statistically reliable response of the control systems. 

All of the detected spectra or distributions will be stored, preferably 
classified according to operating year, average wind velocity and turbulence 
intensity. 
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Upon sufficiently accurate determination of the stresses through detection of 
stress data, it appears reasonable to transform the stress changes into so called 
Markov matrices by use of known counting methods or on the basis of the average 
values (online rainflow counting). To this end, microchips which have already 
entered the stage of industrial production are available from the field of aviation and 
space technology. 

The actual d istributions 112 w hich have been measured or have been 
computed from the measurement data are compared to the desired distributions U8 
of the same values. For this purpose, data on design, planning and financing 120 are 
externally collected 122 , input into the system and stored in a data store 124 . Using 
an economy model 126 , the desired distributions are derived from these data 120 . 
Design data include e.g. the allowable loading distributions for the individual 
components; an example of the planning data is the expected wind distribution at the 
location; and the financing data include, in addition to the overall project costs, the 
current credit costs, the energy profits required according to the financing plan, and 
the current charges for power supply. Monthly updates 124 of these data per remote 
monitoring can be used for immediate adaptation of the control system to changes of 
the basic conditions, e.g. to changes of the charges for power supply or of the 
financing costs, new recognitions on the allowable stresses on the components, or 
even improved control algorithms. Data on the supra regional annual wind 
distribution make it possible, on the one hand, by comparison with the measured 
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wind distribution at the location, to perform a correction of the planning data; on the 
other hand, in less favorable wind years, the turbine can be operated by use of a 
"sharper" power characteristic curve for keeping up with the requirements of the 
financing plan. 

In the operating level control unit 128 , the thus obtained desired distributions 
118 are compared with the actual distributions 112 . This way, the optimum 
operating level under the current meteorological and local conditions is computed. 
The regulated quantities d opt (blade angle) 130 and M Gop t 132 and n Gop t 134 
(generator moment and generator speed, respectively) are to be understood as preset 
average values while, on the other hand, the current desired values supplied by the 
standard control system for adjustment to wind turbulences may temporarily deviate 
from these average values. 

With the availability of such a control system, it may be advisable to operate 
the turbine with higher power yield in the first years of operation in order to lower 
the financing costs as quickly as possible, whereas, in later years, a low stress 
operation with reduced energy yield and a resultant lengthened lifespan may be 
considered optimum under the economic aspect. 

In the ideal case, the above described control system is improved by the 
feature of an on-line detection of the current energy generating costs (Cost Of 
Energy COE) 136 . For this purpose, it is required that the loading model 110 i s 
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combined, downstream thereof, with a stress model 111 for the individual 
components of the plant (a restriction to the main components, i.e. the rotor blades, 
the transmission, the generator, the converter and the tower will be sufficiently 
accurate), and with a damage model 138 . The stress model 111 t ransforms the 
loading distributions into stress distributions on representative points of the 
components and is based on the methods applied in the design of the components. 
The results from finite element calculations can be summarized e.g. by consideration 
of merely a small number of compliance factors for some critical points. The 
damage model 138 c ompares the existing loading influences (e.g. Woehler lines) and 
thus computes the current component damage. (The damage of a component permits 
conclusions on the remaining lifespan). Therefore, the damage model 138 has to 
rely on a data base of the material or component behavior which is made available 
from an external source 122 and should be of a modular type so as to be adaptable to 
the most up-to-date recognitions (e.g. Woehler tests on original components, 
practical experiences from the serial production) in the course of the lifespan of the 
turbine. Since, in the present state of the art, particularly the material behavior has to 
be estimated on a very conservative basis due to lack of a sufficient data basis, the 
above adaptation feature offers a wide potential for yield increase. 

If the damage model 138 h as been suitably refined to allow for an online 
calculation of the damage and thus also of the damage rate for the important main 
components, the results of such calculation can be easily used for determining an 
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equivalent damage rate for the whole turbine (Equivalent Damage Rate, EDR). The 
equivalent damage rate (unit: US$/h) is a measure for the costs per time unit 
incurred by damage in the current operating condition of the turbine. The current 
energy generating costs can then be obtained by dividing the sum of the EDR and the 
other operating costs by the current power fed into the grid. 

On this ideally refined level of the control strategy wherein the economical 
efficiency of the wind turbine is reduced to the decisive characteristic factor "cost of 
energy COE", the efficiency model has to be adapted to determine, as a value for 
comparison to the current COE, the maximum allowable COE where the turbine is 
still allowed to be operated. Should the current COE values 112 b e too high in 
situations with weak winds, the turbine will be taken off the grid. Should the current 
COE values 112 b e too high in situations with high wind velocities, the operating 
level control unit will lower the excessive stresses by suitably controlling the 
turbine, thus decreasing the COE value. Thus, by the above online COE 
determination 136 , the optimum operating level with the lowest possible COE 
values can be obtained for the current local and meteorological conditions by use of 
a simple control loop. On this optimum operating level, if the COE values are 
higher than the maximum allowable COE 118 value determined by the efficiency 
economy m odel 126 , the turbine will be brought to a standstill until more favorable 
conditions occur (e.g. lower turbulences or lower wind velocity). Thus, during low 
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turbulences, the turbines can supply power still in case of much higher wind 
velocities than had been possible in the state of the art. 

As a further possible component, schematically illustrated in the right-hand 
edge region of the drawing to the right of the vertical dash-dotted line, a short-time 
control unit 140 m ay be provided for reduction of temporary loading peaks. The 
input data of said unit 140 i nclude loading data 142 and optionally also wind field 
114 d ata, which other than in the operating level control unit 125 -are not evaluated 
statistically but subjected to a current value analysis; in a signal processing model 
144 also referred to as a loading prognosis, predictions can thus be made on loading 
peaks which will be reduced by the short-time control unit 140 t hrough limitation the 
pitch angle 105 o r the rotor spee d 106 . 

Therefore, particularly when using of data of neighboring wind power plants 
116 located upstream relative to the wind direction, the loading of the plant and thus 
also the current COE value 112 during wind velocities above the nominal wind are 
massively reduced; notably, turbines located behind other turbines in the wind 
direction can react exactly and with a suitable delay on wind occurrences which have 
been registered in the turbine arranged upstream. Thus, the unavoidable 
disadvantages (trailing turbulences) for the following turbines can be compensated 
for. 

For guaranteeing that the available potential of the plant will not be reduced 
in case of a possible failure of one component of the above control system, the 
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operating control system should preferably be designed such that the standard 
control system illustrated on the left: side of the drawing is separated, under the 
hardware aspect, from the other components of the operating level control uni t 128 . 
Thus, should the operating level control unit 128 b e not available, the turbine will 
nonetheless remain connected to the grid, even though it will then be subjected to the 
power limitation for high wind velocities as provided by the state of the art. 

The described control strategy is by no means limited to the illustrated 
pref e rr e d embodiment for a variable-speed pitch plant but is in its essence also 
useful for pitch plants designed for fixed speeds or pole reversal, or for stall or active 
stall plants. 

Further, a large number of specific details and refinements of the system can 
be contemplated (additional measurement values, damage modules for further 
components of the plant etc.), all of them following the basic idea of determining the 
optimum operating time under the current local and meteorological conditions. 

Please replace the Abstract paragraph on page 15 with the following 
paragraph. 

ABSTRACT OF THE DISCLOSURE 
[Control system for a wind power plant] 
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A control system for a wind power plant that includes a damage module and 
a control module. The damage module compares existing stress conditions on one 
or more component parts of the wind power plant to current energy generating costs. 
The control module alters electric power generated bv the wind power plant based 
upon the comparison, [comprises sensor means for the detection of measurement 
values to be used for direct or indirect quantification of the current loading and/or 
stress of the turbine occurring in dependence on the local and meteorological 
conditions. Downstream of said detection means, an electronic signal processing 
system is provided, operative to the effect that the power reduction required in the 
optimized condition of the wind power plant will be restricted to obtain optimum 
economical efficiency under the current operating conditions, both in cases of winds 
in the range of the nominal wind velocity and in cases of high wind velocities. 

(drawing)] 
In the Claims 

Please add claims 14-33. Please cancel claims 1-13 without prejudice. 



App.No.: 09/802,044 



-43- 



06097.P019 



14. (New) A control system for a wind power plant, comprising: 

a damage module operable to compare existing stress conditions on one or more 
component parts of the wind power plant to current energy generating costs; and 

a control module operable to alter electric power generated by the wind power 
plant based upon the comparison. 

15. (New) The control system of claim 14, further comprising: 

a cost of energy module operable to provide the current energy generating costs 
based upon financing data for the wind power plant and current charges for power supply. 

16. (New) The control system of claim 14, further comprising: 

a stress module operable to determine existing stress conditions on one or more 
component parts of the wind power plant and to provide data on existing stress conditions 
on the one or more component parts of the wind power plant to the damage module. 

17. (New) The control system of claim 16, wherein the stress module compares existing 
stress on a first component to designed allowable stresses to provide the stress data to the 
damage module. 

18. (New) The control system of claim 16, wherein the stress module determines 
existing stress conditions on a first component based upon local meteorological 
conditions. 
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19. (New) The control system of claim 14, wherein the control module changes blade 
pitch of one or more turbine blades of the wind power plant to alter the electrical power 
generated by the wind power plant. 

20. (New) The control system of claim 19, wherein change to the blade pitch occurs in a 
direction of a feathered pitch. 

21. (New) The control system of claim 14, wherein the control module alters rotor speed 
of the wind power plant to alter the electrical power generated by the wind power plant. 

22. (New) The control system of claim 14, further comprising: 

a second control module to anticipatorily reduce loading of the wind power plant 
based upon receiving data of neighboring wind power plants located upstream relative to 
a wind direction. 

23. (New) The control system of claim 14, wherein the damage module determines the 
damage to the one or more components based upon actual spectra. 

24. (New) A method, comprising: 

comparing existing stress conditions on one or more component parts of a wind 
power plant based upon local meteorological conditions to energy generating costs at that 
time; and 

controlling blade pitch of one or more turbine blades of the wind power plant 
based upon the comparison. 
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25. (New) The method of claim 24, further comprising: 

detecting a direction of a wind; and 

anticipatorily reducing loading of the wind power plant based upon receiving data 
from one or more neighboring wind power plants located upstream relative to the 
direction of the wind. 

26. (New) The method of claim 24, further comprising: 

determining the energy generating costs at that time based upon financing data for 
the wind power plant and current charges for power supply. 

27. (New) The method of claim 24, further comprising: 

determining the existing stress on a first component by measuring stretching on 
representative points along the first component as well as factoring in how long the first 
component has been in service. 

28. (New) The method of claim 24, further comprising: 

determining the existing stress on a first component by measuring deformation in 
elastic bearings. 

29. (New) An apparatus, comprising: 
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means for comparing existing stress conditions on one or more component parts 
of a wind power plant based upon local meteorological conditions to energy generating 
costs at that time; and 

means for controlling blade pitch of one or more turbine blades of the wind power 
plant based upon the comparison. 

30. (New) The apparatus of claim 29, further comprising: 

means for controlling rotor speed of the wind power plant to alter electrical power 
generated by the wind power plant. 

31. (New) The apparatus of claim 29, further comprising: 

means for detecting a direction of a wind; and 

means for anticipatorily reducing loading of the wind power plant based upon 
receiving data from one or more neighboring wind power plants located upstream relative 
to the direction of the wind. 

32. (New) The method of claim 29, further comprising: 

means for determining the energy generating costs at that time based upon 
financing data for the wind power plant and current charges for power supply. 

33. (New) The method of claim 29, further comprising: 

means for determining the existing stress on a first component by measuring 
stretching on representative points along the first component as well as factoring in how 
long the first component has been in service. 
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